Poly(ADP-ribose) synthesis in blocked and damaged cells and its relation to carcinogenesis.
There is compelling evidence showing that repair of DNA damage depends on the synthesis of poly(ADP-ribose) molecules at specific sites on histones and other proteins in nuclei of injured cells. In the present study, we have studied the effect of long-term exposure of mouse cells to nicotinamide and various cell cycle blockers on the ability of the cells to increase their levels of poly(ADP-ribose) in response to DNA methylation damage with dimethylsulfate (DMS). Of the cell cycle blockers used, hydroxyurea (HU) and cytosine arabinofuranoside (ara-C) inhibit DNA elongation at the replication fork and cause the appearance of small DNA molecules, whereas butyrate and colcemid block cells without interfering with DNA synthesis. In addition, cells were treated with nicotinamide, an inhibitor of poly(ADP-ribose) polymerase but also a precursor in NAD+ biosynthesis. Long-term exposure of cultured cells to these agents was followed with a short-term damage with DMS. The size-class distribution and concentration of poly(ADP-ribose) molecules were determined using high resolution polyacrylamide gel electrophoresis and were found to contain 1 to more than 30 ADP-ribosyl groups. On the contrary, histones from blocked cell nuclei were found to be mono- and oligo(ADP-ribosyl)ated. Thus, the large molecules of poly(ADP-ribose) were associated with nonhistone proteins and most likely with the enzyme pADP-R polymerase. DMS damage caused an increase in the levels of poly(ADP-ribose) that was synthesized in lysates from cells treated with any one drug alone. On the other hand, a dramatic decrease in total protein poly(ADP-ribosyl)ation resulted from DMS damage of cells treated with nicotinamide + HU or nicotinamide + ara-C. This decrease was not observed in combinations of nicotinamide with cell-cycle blockers that do not directly interfere with DNA synthesis (butyrate and colcemid). We suggest that nicotinamide + ara-C or nicotinamide + HU might be used as effective antineoplastic treatments by virtue of their ability simultaneously to damage DNA and reduce poly(ADP-ribosyl)ation and presumably DNA repair. A model for the facilitation of DNA repair by poly(ADP-ribosyl)ation of histones and of poly(ADP-ribose) polymerase is presented.